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$U_{0}$ $\epsilon U_{1}$ : 1:
$U=U_{0}+\epsilon U_{1}$ , (3)
$U_{0}=(\begin{array}{l}0r0\end{array})$ , $U_{1}=(\begin{array}{l}-rsin2\theta-rcos2\theta 0\end{array})$ . (4)
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$U\cdot n=0$ at $r=1+\epsilon\cos 2\theta/2$ (5)
$n$
$n=e_{r}+\epsilon(-e_{r}\cos 2\theta/2+e_{\theta}\sin 2\theta)$ (6)













Euler (7) (8) Kelvin (10) $u_{\dot{m}}(r)$
[4]. (5) $k$ $ah$
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$+A_{-}(t)u_{A_{-}}(r)e^{-ik_{0}z}+B_{-}(t)uB_{-}(r)e^{\iota 2\theta}e^{-ik_{0}z}$ , (14)
$A_{\pm},B\pm\infty\exp[\mp iont]$ . (15)
2 $(m=0,2)$ Fig 2
$(m=0)$ $(k_{0}$ , (DO) $=(0,0)$ $-2<$ Wh $<2$
$(m=2)$ $(k_{0,W})=(0,2)$




$\sigma_{0}=i0h$ ${\rm Re}[\sigma_{0}]$ , ${\rm Im}[\sigma_{0}]$
$(\sigma_{0}=\pm iah, W\in \mathbb{R})$ (Fig.3
$)$ . $\epsilon$




$O(\alpha\epsilon)$ Euler (7) (8)
$\frac{\partial u_{11}}{\partial t}$ $+$ $(U_{0}\cdot\nabla)u_{11}+(u_{11}\cdot\nabla)U0+\nabla p\iota\iota$
$=$ $-(U_{1} \cdot\nabla)u_{01}-(u_{01}\cdot\nabla)U_{1}-\frac{\partial u_{01}}{\partial t_{10}}$ , (16)
$\nabla\cdot u_{11}$ $=$ $0$ (17)
$t_{10}=\epsilon t$ $U_{1}$
(4) $U_{1}$ $e^{\pm 2i\theta}$ $\theta$
$m$ 2 Kelvin
Kelvin $(0,2)$ (14) 2 $(k_{o}, m)$
Fig 2 $m=0$ $m=2$
(16) $u_{11},$ $p_{11}$ ($k_{0}$ ,an)
$m$ $m+2$
Moore-Saffman-Tsai-Widnall[ 1, 2, 4] $(a\lambda)^{=0)}$
$(m,m+2)=(-1,+1)$
[17]. ab $k_{0}$ $(0,2)$ Kelvin
$(m=0)$ $A_{-}$ $(m+2)$ $A+$
$\frac{\partial A\pm}{\partial t_{10}}=\pm ipB\pm$ , $\frac{\partial B\pm}{\partial t_{10}}=\pm iq\Lambda\pm$ (18)
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$p=$ $- \frac{(w-2)^{2}\eta^{3}(r+2)^{2}J_{2}(\eta_{2})}{64k_{0}^{2}(m-1)J_{0}(\eta_{0})}$, (19)
$q=$ $- \frac{(w-4)(on-2)^{4}w(an+2)J_{0}(\eta_{0})}{64(k_{0}^{2}+w+2)(on-1)J_{2}(\eta_{2})}$ (20)



















$x arrow x+\alpha\xi_{1}+\frac{\alpha^{2}}{2}[(\xi_{1}\cdot\nabla)\xi_{1}+\xi_{2}]+O(\alpha^{3})$ (22)
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$\omega=\omega_{0}+\alpha\delta_{(}\ell+\frac{\alpha^{2}}{2}\delta^{2}$ ‘ (23)
$\delta\omega=\nabla\cross[\xi_{1}\cross\omega_{0}]$ , $\delta^{2}\omega=\nabla\cross[\xi_{1}\cross\delta\omega+\xi_{2}\cross\omega_{0}]$ . (24)
‘isovortical sheet‘
Amold[13] Euler isovortical sheet
$K= \int|u|^{2}d\nabla$, $K=K_{0}+ \alpha\delta K_{+}\frac{\alpha^{2}}{2}\delta^{2}K$, (25)




$= \int\omega_{0}\cdot(\frac{\partial\xi_{1}}{\partial t}\cross\xi_{1})dV$ (27)
[14].
$\omega_{0}=\nabla\cross U_{0}$ . (28)
(27) $\alpha$ 2 $O(\alpha^{2})$



















$z_{1\pm}=A_{\pm}e^{i\infty t}/\sqrt{|p|},$ $z=\overline{B}e^{-i\phi t}/\sqrt{|q|}$ ,
$\frac{\ 1\pm}{dt}$ $=$ $i[\epsilon(\sigma\overline{z_{2\pm}}-p_{12}z_{1\pm})+\alpha^{2}c_{151\mp 2\pm Z_{2\mp}}z\overline{z}$
$+\alpha^{2}z_{1\pm}(2\mp$ ,
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